This paper analyzes the way risk management measures (RMMs) for consumer products have been used to date in authority and industry risk assessments. A working concept for consumer product RMMs is developed, aimed at controlling, limiting or avoiding exposures, and helping to insure the safe use (or handling) of a substance as part of a consumer product. Particular focus is placed on new requirements introduced by REACH (registration, evaluation, and authorization of chemicals). A RMMs categorization approach is also developed, dividing consumer product RMMs into those that are product integrated and those that are communicated to consumers. For each of these categories, RMMs for normal use, accidental use or misuse need to be distinguished. The level of detail for documenting, assessing and communicating RMMs across supply chains can vary, depending on the type of the assessment (tiered approach). Information on RMMs was collected from published sources to demonstrate that a taxonomical approach using standard descriptors for RMMs libraries is needed for effective information exchange across supply chains.
Introduction
Risk assessment and risk management is addressed by many European policies, such as the New and Existing Substances Regulation (67/548/EEC, 793/93/EEC), the General Product Safety Directive (Dir) /95/EC (2001 , REACH (Registration, Evaluation, and Authorization of Chemicals), the Cosmetics Directive (76/768/EEC), the Safety of Toys Dir. 88/378/EEC, Building Materials Dir. 89/106/EEC and Regulation (EC) no. 178/2002 that concerns food law and procedures in matters of food safety. The requirement to document risk management measures (RMMs) as a key input variable in exposure assessment and risk assessment is a new one introduced by REACH. This requirement needs an analysis on how RMMs are defined and how risk assessment, exposure assessment, and risk management under REACH are related to established concepts in the EU, USA, Canada, and elsewhere.
The novelty under REACH is that information on substance use, related exposure scenarios (ESs) and RMMs need to be collected by registrants, usually suppliers of chemicals, systematically across the entire life cycle of a substance. The ESs, across substance life cycles, cover three types of exposures: environmental, occupational, and consumer exposure. Specific RMMs apply to each of these ESs. Application of these RMMs should result in preventing pollution, instead of transferring it to other media or compartments. This paper focuses on RMMs for consumer exposures. Several types of RMMs have traditionally been considered in exposure and risk assessments, either explicitly as measures taken by consumers (e.g., wearing gloves or goggles) and implicitly as product specifications integrated by manufacturers in their products (chemical composition, assembly, packaging, viscosity, etc.) . The objectives of the paper are to analyze the RMMs concept, to review the current use of RMMs information in risk assessments and to discuss criteria needed to effectively develop RMMs, incorporating their efficiency and mechanisms to communicate the results across the supply chains for regulatory compliance purposes.
Methods
A conceptual analysis of the term ''risk management measures'' was carried out, first in general and then with a focus on consumer exposure. This includes the analysis of definitions of terms such as risk assessment, exposure assessment, risk management, risk reduction, and exposure control, and of procedures that inter-relate these concepts within the frame of risk assessment.
A review was then undertaken to establish how different RMMs have been applied in risk assessments prepared by authorities and industry before the introduction of REACH. In a next step, our review was focused on REACH, which explicitly requires RMMs to be documented as part of the chemical safety report (CSR) . During the review, published sources were analyzed for information on exposure and risk assessments related to consumer products and preparations (textiles, detergents, toys, etc.) .
Finally, an approach was developed and is proposed for harmonized RMMs documentation within REACH and other relevant policies on product safety, the implementation of which requires RMMs libraries to be integrated in exposure and risk assessment tools. This proposal was based on the results of the conceptual analysis and on the review of the use of RMMs information within risk assessments at several levels (product design, proactive communication, and regulatory compliance).
Results

Conceptual Analysis
Risk management is an interdisciplinary decision-making process based on information from risk and exposure assessment. It entails consideration of political, socioeconomic, and engineering data to compile regulatory options and select the appropriate regulatory or company response to a potential health hazard. Exposure assessment and risk assessment are related processes that characterize risk and provide a key input to risk management.
RMMs for consumer exposures can be either of regulatory nature (i.e., limit values, marketing restrictions, etc.) or related to technical design and recommended usage characteristics that are developed and implemented by consumer products industries. In this paper, the regulatory type of RMMs is termed ''administrative RMMs'' and are considered to be a starting point for the development of ''technical design and recommended usage'' RMMs.
As a first step, exposure assessment is used to establish the level of exposure under a particular use or exposure situation. In successive steps, risk assessment is used to establish the magnitude of exposure reduction needed and whether exposure reduction through the RMMs is sufficient, given the hazard characterization to ensure acceptable risk. The iterative process of exposure and risk assessment provides the basic mechanism of risk management.
Measures analyzed in this paper concern primarily exposure reduction measures. However, for providing a harmonized terminology within the frame of REACH, they are further referred to as RMMs.
Our analysis is focused on risks arising during the service life of consumer products, from the moment a consumer starts using a product that was placed on the market. For a given consumer product, different types of risks may emerge from different types of usages, such as normal use/foreseeable use, accidental use, or misuse.
Possible uses of a consumer product are illustrated in Figure 1 on the example of a hand dishwashing detergent. Figure 1 highlights the importance of the clear description of the use of a consumer product, including normal use/ reasonably foreseeable use and other uses, such as misuse or usage leading to accidental exposure. Normal uses and accidental uses/misuses of consumer products involve intrinsically different ESs that address different routes of exposure. In the case of a dishwashing product, the normal use would be limited to dermal and possibly inhalation exposure while the exposure that is mainly caused by accidental use or misuse would lead to ingestion. In our example, RMMs for normal use could include selection of chemicals (based on hazardous properties or chemical properties such as pH, reactivity, and solubility), limits on the maximum concentration of a chemical, and wearing gloves during product use. RMMs for accidental use/misuse could include addition of a prevention chemical, such as Figure 1 . The relation between various types of usages of a consumer product, the exposures and RMMs. The different possible uses of a hand dishwashing product cause different types of exposures and risks that need to be dealt with by different ESs requiring use-specific RMMs.
bittering agent to avoid or minimize ingestion and medical advice, such as consulting a doctor, and rinsing stomach. Consequently, all these assumptions form the basis of different hand dishwashing product uses that need to be assessed separately in use-specific ESs, including the relevant use-specific RMMs. Different types of RMMs have different scopes and aims. To understand better the underlying differences, an effort was made, as part of this conceptual analysis, to categorize the numerous RMMs into main categories. The RMMs categorization concept that was obtained is illustrated in Figure 2 .
The following main categories were identified: Figure 2 . Our analysis revealed that industry and public authority risk assessments generally document consumer RMMs explicitly and product-integrated RMMs implicitly. Thus, technical product characteristics that are applied to reduce exposures (such as product form, viscosity, aerosol size, and dye impregnation depth) are not always explicitly referred to as product-integrated RMMs. However, the effect of these characteristics is captured in the exposure quantification either by measurements or calculations. A typical example is provided by the RMM product form in the case of detergents. A detergent product in powder form generates a higher level of particulate exposure than a product in tablet form during use. The numeric exposure assessment results of both product types are well documented (see Table 1 ; Soap and Detergent Association, 2005); however, RMMs are not explicitly stated in the original documentation. Under REACH it is conceivable, that the product form will be interpreted as an RMM. In such a case, the exposure level resulting from use of the detergent in powder form will correspond to a case without application of RMM. Thus, the exposure level corresponding to the use of a detergent in tablet form will be inferior as it contains an RMM element that further reduces exposure compared to the powder form. The efficiency of the RMMs in terms of exposure reduction can be calculated from the data before and after RMM application (see Eq. (1)).
The household cleaning products containing detergent enzymes are one of the product categories for which data and studies on RMMs are most easily accessible and documented. In general, information on RMMs exists, but is dispersed, and difficult to collect and interpret. It can be extracted from various types of literature, including product specifications, scientific publications, risk/safety assessment reports, safety data sheets (SDSs), labels, and leaflets. Product safety documents that are used for internal company decision-making are of particular interest, but often confidential. However, publicly available risk assessments are a significant source of information on RMMs. These data are relevant for REACH. However, a more explicit documentation of the RMMs, in particular the product-integrated type, will be necessary.
Risk Management Measures under REACH
The risk assessment under REACH will be largely based on comprehensive scenario-based exposure assessment. According to the legal text (Reg. EC. No. 1907 , RMMs include:
The RMMs reduce or avoid direct and indirect exposure of humans (including workers and consumers) and the different environmental compartments to the substance. The waste management measures to reduce or avoid exposure of humans and the environment to the substance during waste disposal and/or recycling.
RMMs are currently defined by experts as follows: ''Any action, use of tool, change of parameter state or abatement of substance emission that is introduced during By redesigning the detergent form, exposures continuously decreased over time (Soap and Detergent Association, 2005) . Redesigning the product form is a typical example of a RMM (product modification) that is not referred to as such (being a measure aiming at exposure/risk reduction).
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manufacture or use of a substance (either in pure state, in a mixture or included in an article) in order to prevent, control or limit or reduce exposure of humans and/or the environment'' (RIP 3.2-2-IV WP 2 Task Group 2, 2007) . This generic definition is consistent with our conceptual analysis, which focuses on RMMs for consumer products, breaking them down into product-integrated RMMs and -consumer RMMs (see Figure 2) .
According to the legal text, the risk assessment process may be iterative (Reg. EC. No. 1907 . A first assessment should be based on the required minimum available hazard information and on the exposure estimation that corresponds to initial assumptions about operating conditions (use conditions such as physical form of the substance, activities of consumers, duration, and frequency of exposure/emissions) and RMMs. This data form an initial exposure scenario. If the initial assumptions lead to a risk characterization of inadequately controlled risks to human health and the environment, then it is necessary to carry out an iterative process, amending one or more factors in the hazard or exposure assessment with the aim to demonstrate adequate control of the identified risks. Refining the exposure assessment may involve appropriate alteration of the operational conditions or RMMs in the exposure scenario or exposure estimation.
A key feature of REACH is that RMMs are specified, documented, and recommended along the supply chain by chemical suppliers or importers. In our view, systematic concepts and tools for efficient supply chain communication are needed.
Information Exchange on RMMs Across the Supply Chain
REACH establishes a duty for information exchange among actors to collect information on substance use across the supply chain including the operating conditions and RMMs that are necessary for the safe use of a substance (Reg. EC. No. 1907 . In this section, we present our interpretation of this information exchange in reality. In the case of consumer products, the suppliers of chemical substances will collect this information, process it into Ess, and carry out the risk assessment. It is essential that besides chemical suppliers, also downstream users are involved in drafting the ESs. Usually, they have the best knowledge and understanding on uses of substances in preparations and on the typical conditions of use. On the basis of the risk assessment, chemical suppliers will recommend RMMs that need to be implemented by downstream users and in particular by the manufacturers of the consumer products. To this end, standardized ESs formats using standard terminology/standard descriptors for substance uses, operating conditions, and RMMs will be the key for effective information exchange across the supply chains. In the case of RMMs, these standard descriptors will become functional key elements of RMMs libraries.
The information flow required by REACH, across the actors of the chemical supply chain, is presented schematically in Figure 3 . This information flow takes place vertically among the chemical suppliers and the downstream users, including producers and distributors of consumer products at supply chains to share information of the use of substances and applicable RMMs.
In addition to the vertical communication, a horizontal communication among consumer products industries is expected to facilitate the development of standardized RMMs at Downstream User (DU)-sector level. Reference information for specific DU-sectors may include standard descriptors and data for use types, operating conditions, the state of the art regarding the availability, and implementation of RMMs and the need for updating the RMMs specifications according to science and technology progress.
The vertical and horizontal communications across the supply chain are functionally interrelated. Information obtained horizontally at DU-sector level would ideally be a standardized input for vertical communication.
The information flow up the supply chain (IF-up) is crucial for the chemical producers to collect information on the structure of the supply chain(s) that emerge from the use of the substance by the downstream users and to become aware of potential risks arising from particular downstream uses. Under REACH, the downstream users have the duty to notify the next upstream users of new information about the substance uses, hazardous properties of the substance, ESs, operating conditions, and applied RMMs (Reg. EC. No. 1907 . In the case of consumer products, these DUs include actors who produce parts of a consumer product and/or assemble these parts into one product that is placed on the market. The information on substance use and RMMs finally reaches the chemical supplier. In this way, it is expected that the chemical supplier will be informed about all the relevant/reasonable foreseeable uses of the supplied substances. This information collected up the supply chain (IF-up) will be an important part of the ESs. According to the REACH legal text, risk characterization shall be carried out specifically for each exposure scenario. The conclusions of the risk assessment will determine the acceptability of the RMMs considered in a given ES. The exposure scenario resulting from the final iteration (a final exposure scenario) will be included in the CSR and attached to the SDS, which shall be submitted for registration/authorization to the European Chemicals Agency (ECHA).
The information flow down the supply chain (IF-down) constitutes the main mechanism for the chemical producers to communicate and recommend RMMs to the downstream users. Once authorization on specific uses is granted, the chemical supplier(s) will communicate the ESs and their recommended RMMs down the supply chain using the SDS as the key tool for information exchange. SDSs need to be consistent with the CSRs. The RMMs described and recommended in the SDSs represent binding measures, according to our interpretation. Downstream users are responsible for applying such RMMs on the products they place on the market or pass further down the supply chain.
REACH requires that any actor in the supply chain shall communicate to the next actor up the supply chain any new information that might call into question the appropriateness of previously applied RMMs (Reg. EC. No. 1907 . In this case, updating of the CSRs may become necessary. Hence, the communication tools for IF-up and IF-down regarding the documentation of RMMs, including guidance for the documentation format and level of detail, and the procedures, that will be needed to assess the RMMs appropriateness, are of key importance for policy implementation.
Risk Management Measures Library
To enable efficient information exchange on RMMs among the actors across supply chains, RMMs libraries become an essential tool. The purpose of such libraries is to support actors collecting, storing, and selecting appropriate information on RMMs. RMMs libraries may be built upon the following elements:
1. Generic RMMs standard descriptors. In this paper, generic standard descriptors are suggested for the different types of RMMs to allow efficient information collection, retrieval, and communication. This element should contain some basic information fields, such as name, description (text/picture/video), and reference for the different types of RMMs.
Descriptive fields for specific RMMs applications
and corresponding qualitative and quantitative data for key operating conditions and exposure determinants. These data fields should present information on how a generic RMM is applied to a specified consumer product and on the respective key parameters. The information fields that belong to this element are: product or product category to which the RMM applies, how is the RMM applied to the product, how is the product used, what is the target group and its (demographic) characteristics, spatial and temporal information, operating conditions, exposure pathway, and exposure route. 3. RMMs efficiency calculation fields, that is the quantification of the exposure reduction potential due to the implementation of a generic RMM in a given consumer product. These fields should contain qualitative and quantitative descriptions of the efficiency calculations, with subfields on exposure before RMM application and exposure after RMM application. The starting point for the setting up of a RMMs library, as outlined above, is the specification of generic RMMs standard descriptors. A first approach has been developed in the present paper and is presented below.
Proposed Generic Standard Descriptors for Consumer Product RMMs
On the basis of RMMs categorization concept illustrated in Figure 2 , consumer product RMMs can be divided in three main categories: (1) product-integrated RMMs, (2) consumer RMMs, and (3) administrative RMMs. For all these RMM categories information on generic standard descriptors was collected from published literature and is presented below.
Product-Integrated RMMs (a) Chemical RMMs
Product composition: This RMM type concerns the products' composition such as ingredients and substance concentration in the product. Examples are:
1. Addition of a prevention chemical, such as a bittering agent to minimize number and volume of accidental ingestion and swallowing (Berning et al., 1982; Petersen, 1989b; Sibert and Frude, 1991; Jackson and Payne, 1995 1. Control of pH to control irritation potential (Nohynek et al., 2004 ) 2. Control of reserve alkalinity to control irritation potential 3. Control solubility to minimize migration into water or saliva 4. control of reactivity (auto-oxidation, etc.) (Nohynek et al., 2004) .
(b) Physical RMMs Product form or aesthetics: This RMM type concerns the products' physical properties. Examples are:
1. Control of aesthetics (e.g., color or fragrance) (Kovacs et al., 1997) to minimize attractiveness to children (Petersen, 1989b) 2. Control of form (e.g., tablet vs. powder, liquid, or aerosol) (Hendricks, 1970; Petersen, 1989b; Yamashita et al., 1995; European Chemicals Bureau, 2005 ) 3. Control of particle or aerosol size (Hendricks, 1970; Yamashita et al., 1995 Yamashita et al., , 1997a , b) 4. Control of viscosity (Saylor, 1987) (Yamashita et al., 1997a) 3. Control the size of package (e.g., making it too big for child to handle) (Petersen, 1989b) 4. Type of closure (e.g., child-resistant caps) (European Chemicals Bureau, 2005) , or dosing device included in the package.
Consumer RMMs The current system of classification and labeling of dangerous substances and the upcoming globally harmonized system for classification require manufacturers to label properly the substances and chemical products they place in the market. A number of standardized symbols, risk, and safety phrases are included and must accompany the chemical or the preparation (via the material SDS (MSDS)), and be also displayed on the package. In addition, manufacturers may provide additional information to help consumers using the product safely or dealing with potential adverse health effects in case of accident or emergency.
(a) Use instructions: This RMM type concerns instructions about how to appropriately use a product (European Chemicals Bureau, 2005) . Appropriate generic standard descriptors need to be further developed. Examples are instructions on recommended uses, advice against misuse of product, warnings against poisoning, a warning to purchase only with license, and release warnings (e.g., do not release into water), and so on.
(b) Instructions on use of protective clothing and behavior (Kovacs et al., 1997; Riley et al., 2001; European Chemicals Bureau, 2003 (Riley et al., 2001) .
(e) Product packaging and sales strategies concern easier provision to consumers of protective clothing to be used during product application. An example is selling of protective clothing, such as goggles, gloves, air-masks, together with the consumer product in one single package (Riley et al., 2001 ).
Discussion
RMMs concept, standard descriptors and library
RMMs Concept Before the introduction of REACH, the focus of risk assessments of consumer exposures to chemicals was on assessing the acceptability of the operating conditions and the corresponding exposure levels. Risk assessments did not explicitly refer to RMMs that made the assessed exposure levels possible.
To respond to REACH's new requirement for an explicit specification of RMMs, the present paper describes the development of a RMMs concept, which breaks down consumer product RMMs into two main categories: productintegrated RMMs and consumer RMMs. Both categories apply to all types of foreseeable risks caused by consumer products, including risks from normal use, misuse, and accidental use. These types of risks are addressed by specific types of RMMs. A third type of RMMs is the so-called administrative RMMs.
REACH also deals with RMMs for occupational and environmental exposures, which are conceptually different from RMMs for consumer exposures and are beyond the scope of the present paper.
Product-Integrated RMMs
The function of productintegrated RMMs is to design products with such operational conditions, like emission and/or MRs, so that exposure levels can be considered safe as a result of a use-specific risk assessment. The documentation of product-integrated RMMs needs detailed technical description of product design characteristics, composition data and physicochemical properties that are causally related to the operating conditions. The lack of methods and data to analyze and quantify operating conditions on chemicals released from consumer products has traditionally been a bottleneck in risk assessment. Under REACH, it is expected that information owned by industry on these operating conditions will be increasingly shared across the supply chains. Hence, the challenge for the supply chains will be to establish an information exchange on technical specifications related to product-integrated RMMs. To this end, the concept developed in the present paper is based on generic standard descriptors of product-integrated RMMs, minimizing the need for exchanging proprietary information on product design. Deriving generic information on productspecific RMMs to establish RMMs standard descriptors is found in this paper to be workable but complex. There is a clear need to test the applicability of applying this concept at larger scale of a supply chain. Developing and sharing this type of information may prove a challenge in terms of cost, confidentiality, lack of expertise, and allocation of liability.
The effect of product-integrated RMMs on exposure reduction should be expressed in reference to demonstrated levels of operating conditions. These levels can function as limit values/boundary conditions and as surrogates for technical descriptions of product-integrated RMMs. In this way, key operating conditions, for safe exposure levels, could act as the actual RMMs. For example, for a given product to be considered safe, the RMM should be a maximum allowed MR that shall not be exceeded (MR safe ). This RMM could be recommended down the supply chain by chemical suppliers. The downstream users may not need to reveal product design characteristics used to achieve the maximum allowed MR. On the other hand, chemical suppliers will need to provide documentation, in the format of a CSR, describing the setting and the evaluation of the RMMs and the related operating conditions leading to a safe use.
Consumer RMMs and Consumer Behavior Productintegrated RMMs are practically independent from consumer behavior, as far as foreseeable product uses are concerned. In contrast, the effects of consumer RMMs on product safety are strongly depending on consumer behavior. Depending on specific patterns of consumer behavior these RMMs may be fully, partly, or totally not applied by consumers. This is influenced by many factors, such as familiarity with the product, risk perception, efficiency of labeling, socio-economics, education, lifestyle, the consumer's level of risk aversion, and product attributes (e.g., labeling, advertising and odor). As a result, the implementation level of the consumer RMMs by the consumers is generally low (Kovacs et al., 1997; Eurobarometer, 2003 Eurobarometer, , 2004 . Therefore, the implementation of REACH consumer RMMs is subject to the availability and acceptability of information on the actual level of consumer compliance with the RMMs, that is the conformity of the actual use with the instructions given on the product labels. In this light, one should be aware that, if a consumer does not read the label, this does not necessarily mean the consumer does not follow the correct usage and cautionary advice given. Especially for products that consumers have been using all their lives without any problem, the fact that they ignore the label does not mean that they do not know how to use them appropriately. However, when the product is new to the consumer, it is expected that in these cases the consumer will pay more attention to labels, warning phrases, and use instructions.
Consumer RMMs, such as precautionary labeling, together with instructions on use of protective clothing, human behavior, and use instructions increase the awareness of consumers and affect exposure reduction (de Groot, 1998; Riley et al., 2001; Nohynek et al., 2004) . Extension of instructions incorporating more detailed use instructions, such as minimum room volume, maximum application frequency, and duration could lead to even more exposure reduction. By increasing the communication of the RMMs to the consumers, the implementation level can be improved; however, full compliance by consumers is unlikely.
Administrative RMMs Although this type of RMMs is not expected to be customarily developed by stakeholders across the supply chains, it represents a key input that needs to be considered in the development of product-integrated RMMs and the consumer RMMs. Therefore, information collection on administrative RMMs is an objective for the information exchange across the supply chain. In addition, to product-integrated and -consumer RMMs, harmonized standard descriptors for administrative RMMs will need to be implemented in RMMs libraries. The administrative RMMs are expected to establish an interface between REACH implementation and RMMs developed under other policies dealing with product safety, such as the General Product Safety Directive.
RMMs Standard Descriptors and Library Establishing a harmonized system for standard descriptors of all types of consumer product RMMs, including the administrative RMMs, is a promising concept for developing a RMMs library. The generic standard descriptor examples collected from open literature in this paper can be used as a starting point for such a development. A first task would be to distinguish those RMMs that are relevant for REACH implementation. Future work would be to collect, review, and centrally store additional published and non-published information and to document case studies on RMMs for consumer products. Under REACH, the RMMs library in exposure/risk assessment tools will also include sections dealing with RMMs on occupational and environmental exposures. Some types of RMMs are principally identical for both workers and consumers. In these cases, the RMMs concept described in this paper for consumer exposures can be applied in the occupational/professional exposures area. However, occupational and environmental exposures that are conceptually different from consumer exposure need to be addressed by a specifically designed RMMs concept.
Data Quality and RMMs Effectiveness
The effectiveness of a RMM determines the actual exposure reduction that can be achieved by its implementation. To quantify the effectiveness of RMMs, exposure data are needed to describe the exposure levels that result with and without applying the RMMs. To this end, data of appropriate quality and uncertainty need to be collected.
The data used must be of known quality to ensure transparency, acceptable uncertainty, and comparability in the exposure assessments. In general, two types of data are needed to assess the effectiveness of a RMM:
1. chemical specific data (such as concentrations, migration factors) and 2. non-chemical specific factors (such as body weights, inhalation rates, skin surface areas, product-consumption rates, and mouthing behaviors).
The current practice at world scale is to use default values from guidance documents such as the Technical Guidance Document (TGD, 2003) and to collect missing data on an ad hoc basis. The data that are taken into consideration can be generated using standard or in-house measurement, testing, and modeling methods. However, comprehensive data quality and uncertainty analysis have been a bottleneck in exposure assessments at world scale. Most of the current scientific literature provides guidance on quantitative methods that apply at the higher tiers of uncertainty assessment. In spite of the demonstrated capability of many sophisticated quantitative uncertainty analysis techniques, their application in policy implementation is limited due to their complexity. This has been recently acknowledged by the WHO/IPCS working group on uncertainty analysis in exposure assessment.
Under REACH, it is conceivable that an increasing amount of information on RMMs and relevant data will be generated and shared among stakeholders across supply chains. The challenge will be to develop and implement data quality screening tools in a timely manner to allow transparent estimation of RMMs effectiveness. This will facilitate the evaluation of the RMMs appropriateness and ensure that burdens are not shifted to other media.
Level of Detail and Information Exchange Across the Supply Chain
The starting point of the information exchange in the supply chain is the specification of the foreseeable uses of substances in consumer products and the type of uses of these products by consumers. This includes normal use, misuse, and accidental use for which specific ESs must be developed. A key issue for each foreseeable use is the level of detail that needs to be documented within the ESs, including data on related operating conditions and on the RMMs. Broadly, the following two categories for ''level of detail'' can be distinguished:
Low tier assessment (initial ES). This includes typical
worst-case assessments, where maximum release of the chemicals in the products is assumed. This type of assessment might show that product safety is ensured even without taking any RMMs.
High tier assessment (final ES). When low tier assessments
indicate that there is a risk, a high(er) level of detail on RMMs and their effectiveness is required.
In the case of low tier assessments, it is conceivable that RMMs documentation may not be necessary when no meaningful risk is demonstrated at worst-case consumer exposure conditions, assuming that all the chemical content is released. However, in cases where a meaningful risk is indicated, a higher tier risk assessment is needed, including ESs documentation, the applied RMMs and their effectiveness.
The information exchange across supply chains will need to tackle both simple (low tier) and complex (high tier) assessments. Independently of the level of detail required, effective communication across supply chains will benefit from the development of information exchange tools using common terminology and reporting formats on consumer uses, operating conditions, RMMs, ESs documentation including data quality, and RMMs effectiveness/appropriateness.
Conclusions and recommendations
The conceptual analysis in this paper offers criteria for establishing a taxonomical approach using standardized descriptors for consumer product RMMs, which can be shared by REACH and other policies. Specifically, this paper demonstrates a RMMs categorization for RMMs libraries by dividing consumer product RMMs into product-integrated and communicated to -consumers RMMs. Administrative RMMs are a starting point for the development of consumer product RMMs by actors across the supply chains.
Our review of the current knowledge on how RMMs have been used to date in risk assessment reveals that:
Published information on RMMs is dispersed and difficult to find.
RMMs for consumer products have been developed and implemented by consumer product industries to date, but the extent to which these RMMs are explicitly mentioned or incorporated in the products depends on the manufacturer/producer. The RMMs that have been developed and applied are documented in several formats and varying levels of detail by producers of consumer products and risk assessors.
Product-integrated RMMs are infrequently documented (indirect consideration in exposure assessments as part of product specifications). RMMs communicated to the consumers are frequently documented. Existing risk assessments for consumer products carried out by industry and authorities in the EU and beyond, are useful resources for REACH. RMMs contained in these assessments need, however, to be documented according to REACH specifications. The effectiveness of the RMMs can only be assessed using reliable quantitative data on exposure levels before and after the application of the RMMs. The impact of the RMMs on all relevant environmental compartments, including air, water, soil, waste, occupational exposures, and so on, must be considered. There is a need for comprehensive data collection, data generation, uncertainty analysis methodology, and tools. In contrast to product-integrated RMMs, consumer RMMs rely on consumer compliance, underlining the importance of understanding consumer behavior and the need for more consistent means of risk communication. Consumer behavioral data, related to the implementation degree of RMMs, need to be considered as part of the operating conditions of ESs to facilitate the process of risk assessment.
For the different foreseeable uses of consumer products, including normal use, misuse, and accidental use, posing different risks, use-specific ESs and RMMs need to be considered as part of the risk assessment. Under REACH, guidance needs to be provided to support actors across supply chains so that they can exchange information on the foreseeable uses and risks relative to the substance(s) in consumer products and all other relevant sources of exposure that need to considered in the risk assessment.
If developed according to a standard RMMs documentation system, information exchange on RMMs across supply chains will benefit in terms of efficiency and cost. This requires a clear RMMs definition, as well as the collection of published and unpublished information needed to establish standard RMMs descriptors, product specific case studies and to develop RMMs libraries. The RMMs concept for developing standard RMMs descriptors and for designing RMMs libraries described in the present paper is proposed as a fundamental tool for stakeholder information exchange on consumer product RMMs for further testing and development at supply chain level.
